This report emphasizes the application of behavior-genetic designs to the study of sensitivity to toxic chemicals, and features of multiple chemical sensitivity and substance abuse that are polar opposites. The implications of these issues for future research are discussed in relation to twin, adoption, and sibling pair studies, as well as in relation to the degree to which genetically selected lines of rodents that have been developed in the alcoholism field are applicable to multiple chemical sensitivity. Environ Health Perspect 105(Suppl 2): 505-508 (1997) 
Introduction
Miller (1) presents an interesting model of multiple chemical sensitivity (MCS) . It is similar in many ways to stress-diathesis models that are ubiquitous in clinical psychology (2) . In these theories, a constitutional vulnerability (i.e., diathesis) is proposed that places an individual at heightened risk for developing a psychiatric disease such as alcoholism (3, 4) . This vulnerability may be genetic, environmental, or a genetic-environmental interaction. If vulnerable individuals are exposed to significant environmental stresses, they may manifest the disorder. However, if individuals at heightened risk are reared in nurturant, stress-buffering environments, or if they have other constitutional traits that protect against the effects of stress, the disorder may never be expressed clinically. This paper is based on a presentation at the Conference on Experimental Approaches to Chemical Sensitivity held 20-22 September 1995 
Twins
Sophisticated methods have been developed to assess the genetic heritability of psychiatric vulnerabilities (5) . If it were found that MCS tended to run in families or to demonstrate intergenerational transmission, there would be a possibility that the disorder had a significant genetic component (6) . However, this would not preclude the possibility of environmental transmission because pesticide use patterns, living or working locations with toxic pollutants, and similar factors could be common to different generations of the same families.
Twin studies may be used to assess the genetic heritability of MCS. In these studies, monozygotic and dizygotic twin pairs are assessed in terms of clinical manifestations of MCS or a subclinical aversion to chemicals. If the disorder has a genetic component, monozygotic twins-who have identical genes-would be expected to demonstrate greater concordance for the disorder or its subclinical manifestation(s) than dizygotic twins-who share half their genes on average.
The design is simple but the execution and statistical analyses are not. Twins pairs must be identified in which one or both of the twins has MCS or some heightened aversion to chemicals. The required number of twin pairs who meet these criteria to test the hypothesis of a significant genetic component is probably in the hundreds (5, 7) . This usually necessitates mass mailings of questionnaires to an established twin registry rather than structured clinical interviews. It can be expected that using self-report measures would tend to dilute the measured effect, so that even more twin pairs would be needed to provide a powerful test of the genetic hypothesis . Gene X Environment Interacdon Kendler (7) recently proposed at least two mechanisms for gene X environment interaction: genetic control of exposure to the environment and genetic control of sensitivity to the environment. In the first mechanism, an individual may have a genetic predisposition for exploratory 
Adoptees
A second design that has been used often to assess genetic effects is the study of adoptees (8, 9 (12, 13) . This is a potentially powerful design, but it is absolutely necessary to replicate the "hit" with a different sample of families if a gene locus is identified. The design is prone to false positives, so independent replication prior to publication is needed to verify the results (14) . In the replication study, only the gene polymorphism that had a hit in the first study needs to be assayed-a major saving in effort and expense. Sibling pairs are more easily recruited than twins, and a number of potential candidate genes have been identified. However (17) . In contrast, the typical MCS patient is a middle class or professional woman (18) . The age of onset of substance abuse is typically the teens or early twenties (19) , while that of MCS is often later. Although the demographics of substance abuse and addiction have been well studied in the community, it is possible that the apparent demographics of MCS are due to clinical bias. Middle-aged, educated women may simply be more likely to seek treatment and to volunteer for dinical research. 
Sensitization
Current research on substance abuse proposes that the addictive process can be represented at least in part by sensitization to the rewarding effects of abused drugs (19) . In contrast, theorists studying MCS have proposed that the development of the disorder is due to sensitization to the aversive properties of chemicals. Therefore, it may be profitable to study the corticomesolimbic dopamine system and its interaction with other neurotransmitter systems in rodents that are particularly sensitive to low-level toxic chemicals.
Temperament
Substance abuse is strongly related to antisocial behavior. For example, individuals in the community meeting criteria for antisocial personality disorder are 27 times more likely to be substance abusers than those without this diagnosis (20) . In contrast, there is evidence (21) 
Alcohol Preference
Although a number of rodent models of alcohol and drug abuse have been developed, the P versus NP and HAD versus LAD lines of rats are perhaps the best validated (23) . Therefore, these strains of animals need to be tested in terms of their physiological and behavioral responses to high and low levels of toxic chemicals. To the extent that MCS and alcoholism represent polar opposites, we would expect the NP and LAD rat lines to be highly avoidant of low-level toxic chemicals compared to the P and HAD lines, respectively. Conversely, if it were found that MCS and alcoholism represented alternative phenotypes of the same underlying diathesis in humans, then we would expect the P and HAD rats to be more avoidant.
Methods
Wood (24, 25) has developed sophisticated experimental procedures for measuring behavioral aversion to chemicals in rodents. In addition, the conditioned placepreference paradigm (26) has been used extensively in the behavioral pharmacology literature to assess both preference for drug effects and aversion to them. Liitations An important limitation of the present discussion might be that it appears to assume a psychiatric etiology of MCS (and substance abuse). However, both the behavior genetic designs outlined in the first part of this discussion and the animal models in the second part are compatible with etiologic mechanisms that are either central nervous system (CNS) or non-CNS. For example, a twin or adoption study would be equally informative for psychiatric and immunologic diatheses. Similarly, animals predisposed to chemical aversion or attraction would be useful for studying different mechanisms, whether CNS or non-CNS, that determined this orientation. Therefore, a limitation of these approaches is that they are not intended to distinguish between different etiologic models of MCS but only to reveal and study genetic and environmental mechanisms.
Conclusion
The behavior-genetic approach to psychopathology may be particularly useful in the study of MCS. This discussion has emphasized ways in which future research can proceed in this direction using both human volunteers and animal subjects. The suggestions are not exhaustive, but may provide useful starting points. It has been the experience of many psychologists and psychiatrists that new diseases/disorders/problems/complaints are taken more seriously by professionals and by the public after they have been shown to have a significant genetic component. This does not imply that environmental diseases are any less valid or distressing than those with genetic diatheses. It more likely reflects a political or societal bias in the medical and lay communities.
